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ABSTRACT. — Pocket gophers have the potential to alter the dynamics of grasslands by 1 
creating mounds that bury existing vegetation and locally reset succession.  Gopher mounds may 2 
provide safe sites for less competitive species, potentially increasing both species diversity and 3 
vegetation heterogeneity (spatial variation in species composition).  We compared species 4 
composition, diversity and heterogeneity among gopher mounds of different ages in three 5 
montane meadows in the Cascade Range of Oregon.  Cover of graminoids and forbs increased 6 
with mound age, as did species richness.  Contrary to many studies, we found no evidence that 7 
mounds provided safe sites for early successional species, despite their abundance in the soil 8 
seed bank, or that diversity peaked on intermediate-aged mounds.  However, cover of forbs 9 
relative to that of graminoids was greater on mounds than in the adjacent meadow.  Variation in 10 
species composition was also greater within and among mounds than in adjacent patches of 11 
undisturbed vegetation, suggesting that these small-scale disturbances increase heterogeneity 12 
within meadows. 13 
14 
3 
INTRODUCTION 1 
Pocket gophers (Geomyidae) play important roles in shaping grassland communities across 2 
North America (Huntly and Inouye, 1988).  Gophers act as “ecosystem engineers” by bringing 3 
subsurface soils to the ground surface, burying existing plants and creating new sites for 4 
colonization.  Mound formation can initiate succession at a local scale, and where mounding is 5 
common, it can influence the composition and diversity of grassland communities (Huntly and 6 
Inouye, 1988; Collins, 1989). 7 
Succession on gopher mounds occurs as early colonists are replaced over time by the 8 
dominant competitive species and as total plant cover increases (Collins, 1989).  This may lead 9 
to one of two different patterns of diversity (Peet, 1992).  First, if species turnover is low and 10 
colonization is continuous, diversity may increase over time, peaking late in succession (Odum, 11 
1969).  Alternatively, diversity may peak at an intermediate stage, when both short-lived 12 
colonists and longer-lived, but disturbance-sensitive, species are present (i.e., the intermediate 13 
disturbance hypothesis; Connell, 1978).  Both types of patterns have been observed in studies of 14 
succession on gopher mounds:  continuous increases (e.g., Rogers et al., 2001; Sherrod et al., 15 
2005) or a peak followed by a decline (Williams et al., 1986; Collins, 1989; Reader and Buck, 16 
1991). 17 
Mounds can also affect the heterogeneity of meadow vegetation at larger spatial scales.  18 
Variation in species composition both within and among mounds may be high early in 19 
succession, reflecting chance colonization events or greater heterogeneity in resource availability 20 
than in undisturbed vegetation (Collins, 1989; Rogers et al., 2001).  As succession progresses, 21 
heterogeneity may decrease and mounds may become more similar to undisturbed vegetation 22 
(i.e., exhibit convergence, Myster and Pickett, 1990).  Alternatively, heterogeneity may increase 23 
4 
(Inouye et al., 1987b; Collins, 1990) leading to greater variation or patchiness in species 1 
composition. 2 
Gopher mounds may also serve as safe sites (Grubb, 1977) for species that are poor 3 
competitors in the undisturbed community.  For example, in grasslands, mounds commonly 4 
support a greater abundance of annuals (Laycock, 1958; McDonough, 1974; Laycock and 5 
Richardson, 1975; Platt, 1975; Foster and Stubbendieck, 1980; Gibson, 1989), perennial forbs 6 
(Williams et al., 1986; Martinsen et al., 1990; Hartway and Steinberg, 1997), or both (Tilman, 7 
1983; Spencer et al., 1985; Inouye et al., 1987a; Collins, 1989).  Mounds can ensure persistence 8 
of fugitive or subordinate forbs in systems that are dominated by competitively superior 9 
perennial grasses. 10 
Much of our understanding of how gopher mounds contribute to the dynamics of grassland 11 
communities comes from studies of low elevation prairies or grasslands in central or eastern 12 
North America.  These studies have demonstrated pronounced variation in the effects of gopher 13 
mounds, which may reflect inherent differences among systems and/or in the spatial scales of 14 
study.  Similar research has not been conducted in mountain ecosystems of the Pacific 15 
Northwest, where the mounding activities of the western pocket gopher (Thomomys mazama) are 16 
conspicuous in natural meadows and other forest openings (Verts and Carraway, 2000).  In 17 
contrast to most of the grasslands studied, high elevation meadows in the Pacific Northwest are 18 
characterized by a short growing season, summer drought and limited occurrence of annuals.  19 
These differences potentially influence rates and patterns of succession on gopher mounds, thus 20 
study of these meadows can contribute to our understanding of the mechanisms that underlie 21 
changes in diversity and composition. 22 
In this paper, we examine patterns of succession on gopher mounds and consider the broader 23 
5 
implications of these patterns for plant community diversity and composition in montane 1 
meadows in the western Cascade Range of Oregon.  We address the following questions:  (1) 2 
How do plant abundance, community structure and species diversity change as mounds undergo 3 
succession?  (2) Are mounds more heterogeneous in composition than adjacent meadow and do 4 
these differences change over time?  (3) Do mounds provide safe sites for species that are absent 5 
from or uncommon in undisturbed meadow?  (4) How do mounds affect larger-scale patterns of 6 
meadow diversity and heterogeneity? 7 
METHODS 8 
STUDY SITE 9 
The study site, Bunchgrass Ridge, forms a gently sloping plateau in the western Cascade 10 
Range of Oregon, east of Eugene (44o17’N, 121o57’W).  The elevation is ~1350 m; slopes rarely 11 
exceed 5% and face primarily southward.  The plateau supports a large (100 ha) mosaic of dry 12 
meadows and forests of varying age resulting from encroachment of Pinus contorta and Abies 13 
grandis into former meadow openings (Haugo and Halpern, 2007; Lang and Halpern, 2007).  14 
Three meadows were selected for sampling in July 2004; they had little conifer encroachment, 15 
varied in size from 1 to 8 ha, and were separated by distances of 200-600 m.  Meadow 16 
communities were dominated by a mix of graminoids (primarily Festuca idahoensis and Carex 17 
pensylvanica) and perennial forbs (e.g., Fragaria vesca, Achillea millefolium and Phlox diffusa). 18 
Meadow soils are Vitric Melanocryands (D. A. Lammers, unpublished data).  They are deep 19 
(>170 cm), fine to very-fine-sandy loams derived from andesitic basalt and deposits of tephra, 20 
with a variable amount of glacially derived cobbles, stones and boulders.  Annual precipitation at 21 
Santiam Pass (1,488 m elevation), 17 km to the north, averages ca. 216 cm; however, only 7.5% 22 
of this falls between June and August, leading to frequent summer drought.  Annual snowfall 23 
6 
averages 1,152 cm; winter snow pack can exceed 2 m and persist into May.  Minimum and 1 
maximum temperatures average –6.9 and 0.7 C in January and 6.1 and 27.8 C in July (Western 2 
Regional Climate Center; www.wrcc.dri.edu/summary/climsmor.html). 3 
FIELD SAMPLING 4 
Mound age classes.– We categorized mounds into three age classes, new, young and old 5 
based on the following criteria.  New mounds were formed in the current growing season.  Soil 6 
showed few signs of compaction, settling, or weathering, and vegetation was absent.  Young 7 
mounds were formed one (or perhaps two) years prior to sampling and showed signs of 8 
compaction and weathering; however, mounds remained higher than the surrounding ground 9 
surface.  Old mounds were formed at least two (and likely more) years before sampling; they 10 
showed pronounced compaction and weathering, with a surface only slightly if at all elevated. 11 
Abundance and size distribution of mounds.– To determine the size and age structure of 12 
mounds, we extended a series of three to nine line transects within each meadow; transects were 13 
spaced at 15-20 m intervals across the short axis of each meadow.  Each mound that intersected a 14 
line (n = 142) was assigned to an age class and measured along its two primary axes; mound area 15 
was estimated as an ellipse. We then computed the mean size and proportion of mounds in each 16 
age class. 17 
Vegetation sampling.– For analysis of vegetation patterns, we selected a total of 37 young 18 
and 37 old mounds.  Sample sizes differed among meadows, but equal numbers of young and old 19 
mounds were selected within a meadow.  We did not consider new mounds because they lacked 20 
vegetation.  Mounds were not restricted to those intersected by transect lines, but were selected 21 
randomly from those with radii of 0.3-0.6 m (rejecting larger mounds that may have formed from 22 
the merger of smaller mounds).  From the center of each mound we established a line in a 23 
7 
random direction.  Beginning at the mound edge we placed along this line a series of three, 1 
contiguous 10 x 10 cm quadrats on the mound and six contiguous quadrats off the mound (to 2 
sample adjacent meadow vegetation).  We limited sampling to three quadrats on larger mounds 3 
to facilitate comparisons of richness among mounds of varying size.  Quadrats off the mound 4 
were divided into two equal groups or “plots” — “near” and “far.”  This allowed us to test 5 
whether presence of mounds exerted an effect on adjacent meadow vegetation (Grant et al., 6 
1980; Reichman and Seabloom, 2002) and whether it was necessary to utilize far plots to 7 
represent meadow conditions (see Analyses, below). 8 
Within each quadrat, we recorded the presence of all species and estimated the total cover of 9 
forbs and of graminoids (grasses and sedges).  We then calculated for each of the 10 x 30 cm 10 
plots (representing mound, near and far):  total cover of forbs and of graminoids, relative cover 11 
of graminoids (graminoid cover/total plant cover), mean richness per quadrat, total richness per 12 
plot and frequency of each plant species (proportion of quadrats).  Species’ frequencies were also 13 
used to calculate diversity (Shannon’s index, H') and evenness (H'/ln[richness]) (McCune and 14 
Mefford, 1999). 15 
ANALYSES  16 
Prior to analyses of successional trends we conducted several tests to confirm that presence 17 
of mounds did not have a detectable effect on adjacent meadow vegetation and that succession 18 
was not influenced by mound size.  We used a series of t-tests to determine whether near and far 19 
plots differed in diversity (richness, H' and evenness) or community structure (total plant cover 20 
and cover of forbs and graminoids).  We tested for differences in species composition between 21 
near and far plots using Multi-response Permutation Procedures (MRPP, Biondini et al., 1988).  22 
MRPP tests whether species composition within groups is more similar than would be expected 23 
8 
by chance (McCune and Grace, 2002).  It produces a probability of significance and a measure of 1 
effect size, A (the chance-corrected, within-group agreement).  Species frequency was used as 2 
the measure of abundance and Sørensen’s distance as the measure of dissimilarity.  MRPP 3 
yielded no difference in composition between near and far plots, thus near plots (hereafter 4 
“meadow”) were used in subsequent analyses. 5 
We used t-tests and MRPP to determine whether mound age (young vs. old) influenced 6 
diversity, community structure, or composition in adjacent meadow.  These tests also revealed no 7 
differences between meadow plots adjacent to young vs. old mounds.  Finally, we used one-way 8 
analysis of variance (ANOVA) and MRPP to determine whether mound size (four classes based 9 
on radius) influenced diversity, community structure, or composition.  Here too, we detected no 10 
significant effects of mound size.  Subsequent analyses of successional trends were thus based on 11 
three simple plot groups:  young mounds, old mounds and meadow. 12 
We used a chronosequence approach, comparing young, old and meadow plots to infer 13 
successional trends on gopher mounds.  One-way ANOVA was used to test for effects of age 14 
(young, old and meadow) on measures of species diversity and community structure (as 15 
described above).  Significant tests were followed by pairwise post hoc comparisons of means 16 
using the Bonferroni test.  Heterogeneity in species composition within each age class was 17 
compared at two spatial scales:  within plots (among quadrats) and among plots.  Within-plot 18 
heterogeneity was calculated for each plot as the mean Sørensen’s distance (McCune and Grace, 19 
2002) between all pairs of quadrats (based on species presence/absence).  Mean within-plot 20 
heterogeneity was compared among age classes using one-way ANOVA.  Among plots, 21 
heterogeneity was calculated as the mean Sørensen’s distance between all pairs of plots (using 22 
species frequency as the measure of abundance).  However, we did not test for statistical 23 
9 
differences among means at this spatial scale because distances among pairs of plots were not 1 
considered to be independent.  Finally, we determined whether old mounds were more similar in 2 
composition to adjacent meadow than were young mounds.  For each pair of mound and meadow 3 
plots we calculated Sørensen’s distance (n = 37 per age class), then used a t-test to compare 4 
populations of young and old mounds. 5 
We used two complementary methods to explore species compositional trends among age 6 
classes.  MRPP was used to test whether species composition or species’ distributions differed 7 
among age classes; an initial run included all age classes and subsequent runs compared pairs of 8 
classes.  We then used Indicator Species Analysis (ISPAN, Dufrêne and Legendre, 1997) to 9 
identify species that showed an affinity for a particular age class.  ISPAN uses relative 10 
abundance (in this case, frequency among quadrats) and relative frequency (proportion of plots) 11 
among groups (age classes) to calculate a maximum indicator value (IVmax) for each species.  A 12 
Monte Carlo randomization is then used to test whether IVmax is greater than expected by chance 13 
(McCune and Grace, 2002).  ANOVA and t-tests were run using SPSS ver. 12.0 (2003).  MRPP 14 
and ISPAN were run with PC-ORD ver. 4.0 (McCune and Mefford, 1999). 15 
RESULTS 16 
Of the 142 mounds encountered along the transect lines, 33% were new, 40% were young 17 
and 27% were old.  Most (62%) were smaller than 0.5 m2 and several were larger than 2 m2 18 
(probably formed from multiple mounds).  Old mounds were slightly larger than younger 19 
mounds, but not significantly so (mean area of 0.87 m2 for old mounds vs. 0.63-0.64 m2 for new 20 
and young mounds). 21 
Total plant cover increased with mound age, but old mounds supported significantly lower 22 
cover than did meadow plots (Fig. 1a).  Forbs and graminoids showed similar temporal trends, 23 
10 
but the increases in cover from young to old mounds were not significant (Fig. 1b).  Relative 1 
cover of graminoids (graminoid cover/total plant cover) was lower on young mounds (36%) than 2 
in meadows (51%) (one-way ANOVA: F2, 145 = 5.4, P = 0.005; post-hoc comparison: P = 0.004). 3 
Relative cover on old mounds was intermediate (44%). 4 
A total of 34 taxa were observed in the plots.  All were present in meadow plots and 28 on 5 
mounds.  However, the six species unique to meadow were rare; present in only one or two of 6 
the 74 plots.  Species richness at both the quadrat and plot scales increased significantly with age 7 
(Figs. 2a, 2b).  H' showed a similar trend (Fig. 2c), but evenness remained similar among age 8 
classes (Fig. 2d). 9 
Heterogeneity (compositional dissimilarity) within and among plots was greatest on young 10 
mounds and declined with age (Figs. 3a,b).  Old mounds were more similar in composition to 11 
meadow plots than were young mounds (mean distances of 0.40 and 0.47, respectively; t = 1.8, P 12 
= 0.03).  MRPP indicated significant differences in species composition among age classes, but 13 
the magnitude of the effect was small (A = 0.03, P < 0.001).  In pairwise comparisons, both 14 
young and old mounds differed from meadow plots (young vs. meadow, A = 0.03, P < 0.001; old 15 
vs. meadow, A = 0.02, P < 0.001), but young and old mounds did not differ in composition (A = 16 
0.01, P = 0.07). 17 
Frequencies of most species increased with time, but all showed relatively small differences 18 
among age classes (Table 1).  ISPAN yielded only three species (all graminoids) — Festuca 19 
idahoensis, Carex pensylvanica and Danthonia intermedia — with significant age-class 20 
associations, all with meadow.  However, only F. idahoensis was a strong indicator of meadow.  21 
Several species were most frequent on mounds, but these associations were not significant (Table 22 
1). 23 
24 
11 
DISCUSSION 1 
Gopher mounds are a common feature of these montane grasslands; individual mounds can 2 
persist for three or more growing seasons during which time they are gradually reduced in height 3 
by compaction and erosion.  Succession appears rapid at first, as new unvegetated mounds 4 
quickly transition to young (>1-yr-old) mounds that support ~30% plant cover on average.  This 5 
rapid recovery of plant cover suggests that recolonization is dominated by regrowth of buried 6 
plants (e.g., Laycock, 1958; Gibson, 1989), or vegetative expansion from adjacent meadow (e.g., 7 
Laycock, 1958; Collins, 1989; Umbanhowar, 1995).  In contrast to the initial colonization of new 8 
mounds, the transition from young mounds to meadow is subtle, characterized by a gradual 9 
increase in plant cover and diversity and limited turnover in species composition.  However, one 10 
important consequence of mound formation for community structure is a shift to greater 11 
abundance of forbs at the expense of graminoids (Festuca idahoensis in particular).  Forbs 12 
comprised half of the total plant cover in meadow plots, but 60-70% of total cover on mounds.  13 
Similar shifts in dominance have been observed in other grasslands (Foster and Stubbendieck, 14 
1980; Tilman, 1983; Inouye et al., 1987a; Collins, 1989; Martinsen et al., 1990) and subalpine 15 
meadows (Sherrod et al., 2005).  Greater survival and more rapid emergence of dicots following 16 
burial has been attributed to their strong clonal potential (e.g., Collins, 1989; Umbanhowar, 17 
1995) and abundant storage of carbon in below-ground structures (Webber and May, 1977; 18 
Sherrod et al., 2005, see also Lezberg et al., 1999).  In concert, these traits provide an advantage 19 
in relocating perennating structures and moving shoots through new deposits of soil (Antos and 20 
Zobel, 1985, 1987).  Experimental studies that excluded gophers from prairies provide additional 21 
evidence for these shifts in community structure:  forbs typically become less common in the 22 
absence of mounding (Laycock and Richardson, 1975; Williams and Cameron, 1986).  23 
12 
Anecdotal evidence from our system supports this observation:  in a large area of one meadow 1 
where gopher mounding is rare, grasses dominate and forbs are virtually absent from the 2 
community.  It is possible that other aspects of gopher behavior associated with mounding (e.g., 3 
direct herbivory) are responsible for these changes in community structure.  However, in most 4 
grassland systems, gophers preferentially consume forbs (Burton and Black, 1978; Huntly and 5 
Inouye, 1988), which would benefit graminoids. 6 
Species composition on mounds differed from that in undisturbed meadow, but young and 7 
old mounds were largely indistinguishable.  Most taxa were present at all stages, increasing in 8 
frequency with time.  Six species were more abundant on mounds, but all of these were also 9 
present in meadows.  Thus, mounds in this system clearly do not serve as microsites for 10 
germination of fugitive or subordinate species as they do in other systems (Laycock, 1958; 11 
McDonough, 1974; Platt, 1975; Foster and Stubbendieck, 1980; Inouye et al., 1987a; Collins, 12 
1989; Gibson, 1989; Hartway and Steinberg, 1997).  In fact, the rarest taxa — those with one or 13 
two occurrences — were restricted to meadow plots.  This is surprising because ruderals 14 
dominate the soil seed bank in both meadows (Lang and Halpern, 2007) and forests in this region 15 
(Kellman, 1970; Halpern et al., 1999) and are abundant after large-scale disturbance (e.g., 16 
Schoonmaker and McKee, 1988; Halpern, 1989).  It is possible that the seed bank contributes 17 
minimally to plant establishment because the soils that comprise mounds are from depths below 18 
which most viable seeds are found.  Moreover, burial of seeds beneath mounds may actually 19 
reduce the potential for emergence from the seed bank (e.g., Benvenuti et al., 2001).  20 
Trends in diversity on mounds did not support predictions of the intermediate disturbance 21 
hypothesis (Hobbs and Hobbs, 1987; Huntly and Inouye, 1988), but rather, a model of gradual 22 
species accumulation (Odum, 1969).  Richness at both the quadrat and plot scales increased from 23 
13 
young mounds to meadow, explaining in large part the parallel increase in H'.  In contrast, 1 
evenness did not vary:  although frequency increased for the most common species (Festuca 2 
idahoensis and Carex pensylvanica), it also increased for less common taxa, resulting in no 3 
change in dominance structure.  Formation of mounds reduces local richness, consistent with 4 
patterns in some prairie and alpine ecosystems (Rogers et al., 2001; Sherrod et al., 2005).  5 
However, it contrasts with patterns of increased richness in several other systems (Andersen and 6 
MacMahon, 1985; Williams et al., 1986; Collins, 1989; Reader and Buck, 1991; Hartway and 7 
Steinberg, 1997).  Two factors may help to explain why diversity did not peak on mounds in our 8 
meadows:  annuals that are typically promoted by disturbance were absent, and there was little 9 
evidence of competitive exclusion of subordinate species.  A short growing season, summer 10 
drought, and frequent gopher disturbance may prevent dominant graminoids from excluding less 11 
competitive forbs in these high-elevation systems.  Wright and Jones (2004) propose a model 12 
that reconciles these differing patterns of response to small-scale disturbance.  They suggest that 13 
changes in richness depend on site productivity and whether disturbed patches are more or less 14 
fertile than the undisturbed matrix.  Assuming that montane meadows are less productive than 15 
lowland prairies and grasslands, our results suggest that mound soils, originating from deeper 16 
horizons, are less fertile than adjacent meadow soils, consistent with a pattern of lower root 17 
productivity and soil organic matter at depth (e.g., Dodd et al., 2000).  Studies of gopher mounds 18 
in higher elevation grasslands are too few to be able to draw broad conclusions, but it is possible 19 
that elevation, via effects on soil productivity and growing-season length, mediates the 20 
relationship between species richness and mound formation.  At lower elevations richness is 21 
increased, whereas at higher elevations it is reduced by disturbance.  Explicit study of these 22 
relationships across an elevational gradient would provide a test of this hypothesis.   23 
14 
Despite reducing local diversity, mounds increase variability in species composition and 1 
thus, may have an important effect on the spatial structure of meadow vegetation.  Greater 2 
heterogeneity within and among mounds suggests that disturbance resets local composition, 3 
allowing for a greater diversity of assemblages among these newly formed patches.  Whether this 4 
occurs through variation in mortality (e.g., Zobel and Antos, 1997) or establishment is unclear.  5 
Over time, however, competitive interactions lead to convergence in composition.  The few 6 
studies that have examined heterogeneity on mounds have found similar patterns (Collins, 1989; 7 
Rogers et al., 2001). 8 
In sum, although gopher disturbance in these montane meadows does not enhance species 9 
richness at local (alpha) or larger (gamma) spatial scales (Whittaker, 1972), it does increase 10 
heterogeneity within meadows, providing for a greater diversity of structural and compositional 11 
states.  In the absence of gophers, it is possible that communities comprised of a diverse array of 12 
forbs and graminoids would become increasingly dominated by grasses. 13 
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TABLE 1.–  Frequencies of occurrence (proportion of plots) and results of ISPAN 1 
for species present in ≥5% of plots 2 
Species   Young     Old Meadow IVmax P 
Most abundant in meadows      
Festuca idahoensis 0.57 0.65 0.88 51.1 0.001 
Carex pensylvanica 0.78 0.92 0.95 37.6 0.006 
Achillea millefolium 0.32 0.30 0.51 22.5 0.11 
Danthonia intermedia 0.16 0.19 0.36 21.7 0.01 
Fragaria spp. 0.38 0.46 0.53 20.1 0.48 
Phlox diffusa 0.27 0.19 0.28 13.7 0.33 
Lathyrus nevadensis 0.22 0.24 0.31 13.7 0.43 
Lupinus latifolius 0.11 0.16 0.23 11.7 0.22 
Elymus glaucus 0.22 0.30 0.30 11.5 0.77 
Hieracium gracile 0.24 0.11 0.23 9.6 0.62 
Vicia americana 0.19 0.22 0.26 8.8 0.91 
Comandra umbellata 0.11 0.14 0.15 6.1 0.81 
Poa pratensis 0.03 0.11 0.11 5.4 0.53 
Penstemon procerus 0.05 0.08 0.09 3.6 0.91 
Most abundant on old mounds      
Bromus carinatus 0.30 0.49 0.38 21.5 0.09 
Aster radulinus 0.35 0.62 0.58 26.1 0.12 
Cirsium callilepis 0.05 0.11 0.03 6.2 0.24 
Stellaria sp. 0.08 0.22 0.19 8.3 0.62 
Most abundant on young mounds     
Iris chrysophylla 0.22 0.14 0.12 10.2 0.23 
Stipa occidentalis 0.11 0.08 0.07 4.2 0.83 
Species are grouped by their IVmax values, in descending order.  Significant results 3 
are in bold 4 
21 
FIGURE CAPTIONS 1 
FIG. 1.– Changes among age classes in (a) total plant cover and (b) cover of forbs and 2 
graminoids.  Values are means + 1 SE (n = 37 for young and old mounds, n = 74 for meadow).  F 3 
and P values are from one-way ANOVA.  Age classes with different letters differ in cover based 4 
on post-hoc Bonferroni comparisons of means 5 
FIG. 2.– Changes among age classes in (a) species richness per quadrat, (b) species richness 6 
per plot, (c) H' and (d) evenness.  Values are means + 1 SE (n = 37 for young and old mounds, n 7 
= 74 for meadow).  F and P values are from one-way ANOVA.  Age classes with different letters 8 
differ based on post-hoc Bonferroni comparisons of means 9 
FIG. 3.– Changes in heterogeneity (a) within plots (among-quadrats) and (b) among plots. 10 
Values are means + 1 SE (n = 37 for young and old mounds, n = 74 for meadow).  F and P 11 
values are from one-way ANOVA.  Age classes with different letters differ in heterogeneity 12 
based on post-hoc Bonferroni comparisons of means.  ANOVA was not performed on 13 
heterogeneity among plots because pairwise comparisons of plots were not considered to be 14 
independent 15 
22 
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FIG. 2. 
a. Richness (per quadrat)
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a. Heterogeneity within plots
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